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Specification 
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Title of the Invention 

Surface Acoustic Wave Resonator Element, Surface Acoustic Wave 
Resonator, Surface-Mounted Surface Acoustic Wave Resonator and 
Manufacturing Method Therefor 

Industrial Field of Application 

The present invention relates to a surface acoustic wave 
resonator used in stable, high-frequency oscillating circuits and 
devices . 

Prior Art 

Delicate electrodes can be formed on piezo-electr ic surfaces 
and surface acoustic waves (SAW) can be electrically operated and 
detected using delicate processing technologies for integrated 
circuits. In this way, high frequencies between 100 megahertz and 
1 gigahertz can be obtained. SAW devices using surface acoustic 
waves include the surface acoustic wave resonators (SAW resonators) 
in high-frequency filters (SAW filters) and oscillating circuits. 

Figure 27 is a simplified diagram of a SAW device of the prior 
art. In this device [90], a SAW resonator element [92] is attached 
to a metal unit [91] for support using a bonding agent [93], and 
sealed inside a case [96] with a nitrogen atmosphere using 
resistance welding. Leads [94] for connecting the SAW resonator 
element [92] electrically are passed through the insulating section 
of the metal section [91] consisting of, for example, sealing glass 
[97], and these leads [94] are connected electrically via the 
electrodes on the SAW device and bonding wire [95] . 



'Number in the margin indicates pagination in the foreign 



text . 
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The SAW device [90] of the prior art shown in Fig. 2 8 is 
equipped with a base [101] consisting of, for example, ceramic. /2 
The surface acoustic wave resonator [92] is attached to the base 
[101] using a bonding agent [93]. Electrodes are metalized on the 
base [101] for connecting the SAW resonator element [92] 
electrically, and the electrodes on the base [101] and the 
electrodes on the SAW resonating element [92] are connected 
electrically using bonding wires [95] in the same manner as above. 
A cap [102] is attached to the base [101] in a nitrogen atmosphere 
using a bonding agent. The cap [102] can also be attached using 
soldering or welding. 

Figure 29 is a simplified diagram of a SAW resonator [110] 
housed in a SAW device. The SAW resonator [110] is formed using a 
piezo-electric material [111] such as a crystal element. The 
piezo-electric material [111] is cut into a flat piezo-electric 
substrate with the desired size and dimensions. It can be easily 
and efficiently shaped into a rectilinear shape so as to be 
attached near the reflector described below. An interdigital 
electrode (IDT) [112] is formed the center of one surface (the main 
surface) of the piezo-electric material [111] consisting of a thin- 
film electrode made from, for example, an aluminum-based material. 
A reflector [113] consisting of a thin-film made from, for example, 
the same aluminum-based material as the electrode, is formed on 
both sides of the piezo-electric material [111] lengthwise with 
respect to the IDT [112]. A conductive connection land [114] bound 
to the IDT [112] and made from the same material as the IDT [112] 
is formed lengthwise along the edge of the piezo-electric material 
[111]. The connection land [114] is connected electrically using 
wire bonding. 

A SAW device with a high Q value (resonance sharpness), a low 
equivalent series resistance, and a stable resonance frequency is 
needed to configure oscillators that are stable in the high- /3 
frequency range using SAW devices. In SAW devices of the prior art 
like the one described above, the SAW resonator element is bonded 
to a supporting substrate using a bonding agent. However, a 
difference in the thermal expansion coefficient of the SAW 
resonator element and the support structure, contraction of the 
bonding agent, or a warped support structure can cause a distortion 
in the SAW resonator element and this can cause the resonating 
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frequency to become unstable and a higher low equivalent series 
resistance. Many SAW devices do not need such a high Q vale 
because they use SAW filters of the prior art. Unfortunately, SAW 
resonator elements used in oscillators must obtain a stable 
resonating frequency from the filter. Therefore, a highly stable 
oscillator using a SAW resonator with a low equivalent series 
resistance and a high Q value is desired. 

In order to obtain a highly reliable oscillator, the devices 
used in the oscillator also have to be highly reliable. In the 
case of a SAW device, the frequency changes when foreign 
particulates such as dust adhere to the surface with the IDT, and 
problems occur such as the inability to obtain stable resonance 
characteristics. If the IDT and the leads are not connected, 
stable oscillating characteristics cannot, of course, be obtained. 
An increase in the connection resistance due to a connection defect 
can change the frequency and lower the Q value. Therefore, it is 
important to obtain a highly reliable device that avoids the 
effects of a distortion in the surface of the SAW resonator 
element, removes the effects of foreign particulates, and prevents 
a deterioration in the connection conditions. 

Disclosure of the Invention 

In the present invention, the SAW resonator element is 
supported only at the end to prevent adverse effects on the SAW 
resonator element due to the support material and the bonding 
agent. In other words, only one end lengthwise of a SAW resonator /4 
element with an interdigital electrode in the center of a 
rectilinear cut surface is connected to the support structure. 
This reduces the area affected by the support structure and allows 
the SAW resonator element to be suspended inside a housing such as 
a case. In this way, a SAW resonator with good edging properties 
is obtained that is not subject to shocks external to the SAW 
resonator element, is not affected by warping, and has an extremely 
stable resonating frequency. In other words, it is here disclosed 
that the effect of warping on a SAW resonator element can be 
reduced by mounting one end on a reflector (hereinafter referred to 
as "side mounting") . 
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The SAW resonator element is side-mounted, and the SAW 
resonator is sealed in a housing structure or case such as a metal 
cylinder, round can or box via a support structure. The cross- 
section of the cylinder is round or oval-shaped. In a cylindrical 
case, the SAW resonator element is mounted substantially parallel 
to the cover. In a round can or box, the element is mounted 
substantially perpendicular to the cover. An electrical connection 
to the SAW resonator element sealed inside a housing is secured 
using by a plurality of leads in the support structure. This can 
be sealed in a box-shaped ceramic box. In this case, an electrical 
connection can be secured using a lead pattern. 

It is also disclosed in this application that the SAW 
resonator can be a device using a piezo-elec tr ic SAW and that the Q 
value of the SAW resonator can be changed using the atmosphere 
inside the housing. Therefore, it is understood that a SAW 
resonator with a high Q value can be obtained by reducing the 
atmosphere inside the housing to a near vacuum. 

Also, when a SAW resonator element is sealed inside a housing, 
the space inside the housing can be effectively activated if the 
surface of the SAW resonator element is mounted on an incline 
intersecting the center line of the housing. In this way, troubles 
caused when the housing makes contact with the SAW resonator 
element can be prevented. Therefore, the leads have to be arranged 
so the section making contact with the SAW resonator element is on /5 
an incline with respect to the center line of the housing. 

When the SAW resonator element is side mounted, the piezo- 
electric material can be supported using a non-conductive bonding 
agent. It can also be supported so the leads are electrified as 
the connection land in the SAW resonator element is connected. 
Both methods can be used simultaneously, or the strength can be 
maintained by using one method as the main supporting method and 
the other method as the secondary supporting method. 

When the leads are connected to the connection land, the flat 
connecting end is attached to the leads, the electrified area is 
maintained, and the tip of the connecting end is effectively 
divided at least in two. Because an aluminum-based electrode is 
often formed in the connection land, it is difficult to solder 
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using the common method. Because a thin oxide film naturally forms 
on the surface of the electrode, it is also difficult to maintain a 
stable electrical connection using only a general non-conductive 
bonding agent. For this reason, a conductive bonding agent mixed 
with an anti-oxidant is effective. In order to prevent the effects 
of an oxide film on the electrode, it is effective to form at least 
one nick after the conductive bonding agent has been applied to the 
connection land, and to form a bump on the connection land. 



SAW devices are also vulnerable to foreign particulates such 
as dust in the housing. By anodizing at least one of the 
interdigital electrodes to form an oxide film at least 280 A thick, 
this problem can be prevented. If one of the interdigital 
electrodes is anodized, the resonating frequency can be measured in 
the wafer state. The resonating frequency of the SAW resonating 
element can also be adjusted using the anodizing process. 



A surface-mounted device can also be provided by integrating 
the SAW resonator with a lead frame connected electrically to the 
leads using a resin. If the housing is metal and the housing is /6 
molded to an electrically connected lead frame, the surface-mounted 
SAW device strongly resists noise when grounded. 

Brief Explanation of the Drawings 

Figure 1 is a simplified diagram of a SAW resonator element of 
the present invention. 

Figure 2 is a graph comparing the characteristics of side- 
mounted and full surface mounted SAW resonators. 



Figure 3 is a graph showing 
case of side mounting. 

Figure 4 is a graph showing 
case of full surface mounting. 

Figure 5 is a cross-sectiona 
the SAW resonator element is side 
case . 



the edging characteristics in the 

the edging characteristics in the 

1 view of a SAW resonator in which 
mounted inside a cylindrical 



6 



Figure 6 is a cross-sectional view of the SAW resonator 
structure from a direction perpendicular to Fig. 5. 

Figure 7 is a cross-sectional view of a SAW resonator mounted 
using a method other than the one shown in Fig. 5. 

Figure 8 is an exploded perspective view of a SAW resonator in 
which the SAW resonator element is side mounted inside a box-shaped 
case . 

Figure 9 (a) is a cross-sectional view of the SAW resonator in 
Fig. 8, and Fig. 9 (b) is an enlarged view of the lead connection. 

Figure 10 (a) shows a configuration in which the SAW resonator 
element is side mounted inside a ceramic case, and Fig. 10 (b) is a 
cross-sectional view of a SAW resonator structure using a ceramic 
case . 

Figure 11 is a cross-sectional view of a SAW resonator 11 
structure using a different side-mounting method. 

Figure 12 is a graph used to compare the atmosphere inside the 
housing to the equivalent series resistance produced by the 
atmosphere . 

Figure 13 is a graph showing the relationship between the Q 
value and the resonating frequency when the atmosphere inside the 
housing is air or a vacuum. 

Figure 14 is an enlarged cross-sectional view of the 
connection between the connection land and the leads. 

Figure 15 is a cross-sectional view showing the formation of a 
bump in the connection land and the lead connection. 

Figure 16 is a planar view of the end of a lead divided in two 
and the tip connected to the connection land. 

Figure 17 is a cross-sectional view showing the formation of a 
stud bump in the connection land and the lead connection. 
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Figure 18 is a planar view showing the formation of a nick in 
the connection land and the lead connection. 




Figure 19 is a cross -sec tional view of the leads connected to 
the connection land in Fig. 18. 



Figure 20 is a diagram showing the pattern used to oxidize the 
electrodes on one side of an anodized wafer. 



Figure 21 is a diagram of the device used to perform the 
anodizing . 

Figure 22 is a diagram showing the pattern used to anodize the 
electrodes on both sides. 



Figure 23 is a graph showing the change in the thickness of 
the oxidized film versus the anodizing voltage. 

Figure 24 is a graph showing the change in the resonating 
frequency based on the anodizing voltage. 

Figure 2 5 is a see- through view of the SAW resonator in /8 
Fig. 5 molded to create a surface-mounted device. 

Figure 2 6 is a diagram showing a surface-mounted device in 
which the SAW resonator can be grounded. 

Figure 27 is a cross-sectional view of a SAW resonator 
structure of the prior art. 

Figure 2 8 is a diagram of a SAW resonator structure of the 
prior art different from the one shown in Fig. 27. 

Figure 29 is a planar view of a SAW resonator element used in 
the prior art. 



Preferred Embodiment of the Invention 



Figure 1 shows an example of a SAW resonator element of the 
present invention. The SAW resonator element [1] is a piezo- 
electric material such as crystals, lithium tantalate and lithium 
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[niobate] cut into a rectilinear substrate (chip) [2]. The piezo- 
electric chip [2] is cut into a flat rectangle, and an IDT [5] 
consisting of a pair of electrodes [4a, 4b] is formed in the center 
of the surface (main surface) [3], Reflectors [6a, 6b] are also 
formed on both sides of the IDT [5] lengthwise. The pair of 
electrodes [4a, 4b] forming the IDT [5] have connection lands [7a, 
7b] covering a somewhat large area on the outside of one of the 
reflectors [6a] (i.e., along the edge of the chip [2]) leading to 
the end [2a] of the chip [2]. The electrodes [4], the reflectors 

[6] and the connection lands [7] are usually made from a conductive 
material such as gold, aluminum or an aluminum-copper alloy. An 
aluminum-based material is most often used from a standpoint of 
productivity and cost. 



Mounting Method For SAW Resonator Element 



Figure 2 shows the change in the resonating frequency (Fr) /9 
and the amount of distortion in the chip [2] when a 145 MHz SAW 
resonator element [1] (length 6.5 mm, width 1 . 6 mm and thickness 
0.4 mm) with a crystal ST cut is supported on one end [2a] of the 
chip [2]. It also shows the change in the resonating frequency 
(Fr) and the amount of distortion in the chip [2] when supported 
entirely on the main surface [3] of the chip [2] or the opposite 
surface [9] using a bonding agent of the prior art as described 
below. As shown in Fig. 2 (b) , the amount of distortion in the 
chip [2] changes the most in the case of the main surface [3] as is 
reflected in the distortion of the chip [2] and the warping. 

When supported on the end [2a] of the chip [2] (i.e., side- 
mounted) as shown in Fig. 2, the frequency change is negligible and 
the amount of chip distortion is every small. In contrast, when 
mounted over the entire opposite surface [9] of the chip (i.e., 
full surface mounted) , the change in frequency is greater than 100 
ppm, and the amount of chip distortion exceeded 500 nm. This is 
very high. In order to obtain a resonating frequency due to 
surface acoustic waves over the main surface, the opposite surface 
of the SAW device can be connected securely so the main surface is 
unaffected. However, the data suggest that the state of the chip 
and the resonating frequency are affected significantly by the 
choice of mounting methods. In full surface mounting of the prior 
art, where the chip is secured so as to obtain a stable frequency, 
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the amount of chip distortion and the resonating frequency change 
are significant. In contrast, the amount of chip distortion and 
the resonating frequency change in a side-mounted chip is 
insignificant. Therefore, the SAW resonator element should be side 
mounted in order to obtain stable high-performance characteristics. 

Figures 3 and 4 show the edging characteristics when a SAW 
resonator element is side-mounted and full surface mounted. These 
figures show the results regarding the resonating frequency change /10 
DFr and the equivalent series resistance change DRr after the SAW 
resonator element has been mounted and allowed to stand at 85 2 C for 
the desired amount of time. One-thousand hours after a SAW 
resonator element had been side-mounted, the resonating frequency 
change DFr was less than 10 ppm. In the case of a full surface 
mounted SAW resonator element, the change tended to be around 3 0 
ppm. As for the equivalent series resistance change DRr, the 
amount of change was nearly 0 W in the case of the side-mounted 
device. In contrast, the equivalent series resistance Rr of the 
full surface mounted device tended to increase between 1 and 3 W. 
Because the tendency towards edging was caused by the hardening of 
the bonding agent and the difference in thermal expansion 
coefficients of the mounted materials in the case of the full 
surface mounting, this problem can be eliminated using side 
mounting . 

In other words, the edging characteristics of a side-mounted 
SAW resonator element are superior to full surface mounted devices 
of the prior art. By side-mounting the SAW resonator element, a 
resonator with stable long-term properties can be obtained, and a 
SAW resonator with a high Q value can be obtained for a highly 
stable oscillator because of the small increase in the equivalent 
series resistance . 

The following is a description of the method used to side 
mount a SAW resonator element [1]. Figure 5 is a simplified 
diagram of a SAW resonator with a SAW resonator element side- 
mounted using leads. The SAW resonator [20] is a SAW resonator 
element [1] housed inside a cylindrical metal case [21] with a 
single opening. A so-called hermetic terminal [22] is embedded in 
the opening [21] in the metal case [21], and the case [21] is then 
sealed. The hermetic terminal [22] is a metal ring [24] with a /ll 
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glass section [23] on the outside surface. Two leads [25] are 
passed through the glass section [23]. The ends [25c, 25d] of the 
leads [25] inside the case [21] are connected to the connection 
lands [7a, 7b] in the SAW resonator element [1], and the SAW 
resonator element [1] is side-mounted inside the case [21] via the 
leads [25] using the hermetic terminal [22] (henceforth called a 
plug including the leads) . 



The leads [25c, 25d] are fixed to the connection lands [7a, 
7b] using a fixing agent [26]. The fixing agent [26] can be solder 
or a conductive bonding agent for establishing an electrical 
connection. It is critical that the connection between the leads 
[25c, 25d] and the connection lands [7a, 7b] be low resistance. 
This is explained in greater detail below. A plug plating [27] and 
case plating [23] are applied to the case [21] and the metal ring 
[24] in the plug to make the case airtight. The plating serves as 
a seal. This is explained in greater detail below. 

Figure 6 shows the SAW resonator [20] from the side of the SAW 
resonator element [1]. The SAW resonating element [1] is connected 
to the leads [25] so the main surface [3] is inclined at an angle 
with respect to the center line [29] of the case [21], an the 
center line [29] and the SAW resonator element [1] intersect. When 
the SAW resonator element [1] is mounted in this manner, the SAW 
resonator element [1] can be mounted in the center of the case [21] 
even when the leads [25] are in the center of the plug. As a 
result, there is sufficient space between the SAW resonator element 
[1] and the inner surface [21a] of the case [21] . By creating this 
space, the case [21] and the SAW resonator element [1] do not come 
into contact with each other when the SAW resonator element [1] is 
inserted into the case [21], and problems associated with unstable 
oscillation are eliminated. It also prevents problems caused by 
dust and the resonator element coming into contact with the case 
[21] . 



The angle at which the SAW resonator element [1] is inclined 
should fall within a range extending from the position where the / 12 
SAW resonator element [1] is parallel with the center line [29] to 
the position where the end [8d] of the chip [2] without a 
connection land intersects the center line [29]. The ends [25c] of 
the leads [25] are bound using a bonding agent [26] which does not 
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make direct contact with the connection lands [7]. As a result, 

the mounting angle is easy to obtain. The ends [25c] of the leads 
[25] can, of course, be inclined at the desired angle. The ends 
[25c] of the leads [25] can be cut or broken off at the desired 

angle, and the cut or broken off surfaces can be connected to the 

connection lands [7] . 

Figure 7 is a partial view of a SAW resonator element [1] 
side-mounted on a plug using a non-conductive bonding agent [30]. 
In the example shown in this figure, the leads [25c, 25d] are 
connected to the connection lands [7a, 7b] using a non-conductive 
bonding agent [26]. In other words, a non-conductive bonding agent 

[30] is used to augment the side-mounting. The SAW vibration 
occurs on the surface of the chip [2] and the thickness of the chip 
has to be enough to maintain the characteristics of the SAW 
resonator element [1] as much as possible. A sufficient thickness 
is 10 times the SAW wavelength. However, the thickness of the chip 
increases the weight of the SAW resonator element in the case of a 
low resonating frequency. In this case, a conductive bonding agent 

[26] and a non-conductive bonding agent [30] are used to side-mount 
the SAW resonator element [1] with strength sufficient to withstand 
impacts and vibrations. The non-conductive bonding agent [30] 
should cover only a small area of the SAW resonator element [1], 
and should cover the connection lands [7] so as to take into 
account the characteristics of the SAW resonator element. In other 
words, it should not reach the reflector [6a] on the side [2a] of 
the chip. 

Figures 8 and 9 show a SAW resonator element [1] side-mounted 
in a flat oval-shaped case [21]. As shown in Fig. 9, two leads 
[25] pass through the insulator [31a] on one end of the base [31] 
of the flat oval-shaped case, and a flat connecting end [25c] 
extending along the base [31] is formed in the tips of the leads 
[25] . The connection lands [7] in the SAW resonator element [1] /13 
are formed on the connecting end [25c], and the leads [25] are 
secured to the connection lands [7] using a conductive bonding 
agent [26] . The connecting end [2a] of the SAW resonator element 
[1] is also secured using a non-conductive bonding agent [30]. 
Using this fixing method, the SAW resonator element [1] can be 
side-mounted inside a thin case [21]. The case [21] can, of 
course, be a round can-like case or an angular box-like case. 
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The SAW resonator element [1] can also be attached with the 
main surface containing the IDT attached in the direction of the 
base [31], which is the opposite of what is shown in the figure. 
In this case, because the space between the main surface [3] and 
the base [31] is narrow, it is difficult for foreign particulates 
to enter. This increases reliability. Side-mounting can be used 
to orient the main surface in whatever direction is deemed 
necessary. The position of the connection lands [7] does not have 
to be on the main surface [3] here the IDT is formed. It can be on 
the opposite surface [9], the side surfaces [8a, 8b] or the end 
surface [8b]. If the connection lands [7] are formed on the 
opposite surface [9] or the side surfaces [8a, 8c], the position of 
the connection lands [7] should be towards the fixed end [2a] of 
the chip to prevent a deterioration in the SAW resonator element 
characteristics. The connection lands [7] are arranged near the 
reflector [6a] at the fixed end [2a] or towards the fixed end [2a] 
of the chip. Ideally, the connection lands [7] should be formed 
closer to the fixed end [2a] than the reflector [6a] like they are 
positioned on the main surface [3]. When the connection lands are 
formed somewhere other than the main surface, vapor deposition has 
to be used to form the conductive pattern. Sufficient care should 
be exercised to prevent connection defects. In order to prevent 
connection defects, it is important for the attachment area to be 
large enough for the conductive pattern. For this reason, 
placement of the connection lands on the main surface is 
recommended . 

Figure 10 shows an example of a SAW resonator [20] in which 
the SAW resonator element [1] is side-mounted inside a ceramic /14 
case [32]. The ceramic case [32] is box-shaped with four 
surrounding walls. A conductive pattern [33] connected to a 
position outside the ceramic case [32] is formed in the surface of 
a tiered section [32a], and the conductive pattern [33] and the 
connection lands [7] in the SAW resonator element [1] are connected 
when the SAW resonator element [1] is side-mounted. When the SAW 
resonator element [1] is mounted, the connection lands [7] and the 
conductive pattern [33] are connected using a conductive bonding 
agent [26], and the fixed end [2a] of the chip is attached to the 
tiered section [32a] using a non-conductive bonding agent [30]. 
After the SAW resonator element [1] has been mounted, a lid [34] is 
placed over the ceramic box [32] and the case is welded shut. 
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Figure 11 shows another example of a SAW resonator element [1] 
side-mounted inside a ceramic case [32]. In this example, the 
fixed end [2a] of the SAW resonator element [1] is fixed using a 
non-conductive bonding agent or a ceramic spacer so it is raised 
off the bottom surface [32b] of the ceramic case [32]. The SAW 
resonator element [1] is also connected electrically to the 
conductive pattern [33] using a bonding wire [36]. 

The non-conductive bonding agent used to mount the SAW 
resonator element [1] is heat-resistant enough to be able to 
maintain sufficient strength in the operational temperature range 
of the SAW resonator. It also has to be a thermosetting resin that 
does not generate gas to contaminate the SAW resonator element 
inside the case. During hardening, it can be extended to the SAW 
resonator element or not extended to the outside surface of the 
plug. Either option is ideal. It should also be hardened at a low 
temperature so stress is not stored in the SAW resonator element 
during the hardening process. In this example, an epoxy resin is 
used as the non-conductive bonding agent under these conditions and 
is hardened using ultraviolet radiation or heat. /15 

By side-mounting the SAW resonator element, the end opposite 
the fixed end is suspended in space. Compared to a full surface 
mounted device of the prior art, it is free of physical, chemical 
and thermal distortion due to other elements such as the base. The 
fixed end may be distorted by the leads to the bonding agent, but 
the vibrational energy is sealed in the component subjected to the 
distortion, and the effect beyond the vibrating component is 
eliminated to the outside of the two reflectors between which the 
IDT is interposed. As a result, a SAW resonator is obtained using 
the side-mounting method that is not subjected to manufacturing 
distortion, and a high-quality SAW device is provided which is also 
not subjected to the vagaries of the environment. 

Atmosphere Inside Housing For Resonator Element 

In order to mount a SAW device that is not affected by the 
environment, the SAW resonator element is mounted inside a hollow 
housing such as a cylindrical case, a box-like case or a ceramic 
case. Figures 12 and 13 show the effect of the atmosphere inside 
the housing on the resonator. 
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Figure 12 shows the equivalent series resistance Rr of a SAW 
resonator sealed in a < 1 x 10~ 5 torr vacuum and a SAW resonator 
sealed in air. Here, an ST cut SAW resonator element with a relay 
wavelength of 145 MHz is mounted inside a cylindrical metal case 
with a single opening as described earlier with reference to Fig. 
7. The equivalent series resistance Rr of the SAW resonator 
element sealed in the vacuum was 3-5 W less than the element sealed 
in air. A SAW device is a device that uses the surface acoustic 
waves of a piezo-elec tr ic material, and the atmosphere is known to 
affect the device. By reducing the atmosphere surrounding the SAW 
resonator element to a vacuum, a low-loss resonator can be /16 
realized. If the equivalent series resistance Rr is reduced, a SAW 
resonator with a high Q value can be obtained. 

Figure 13 shows the Q values of SAW resonators sealed in air 
and a vacuum. Here, the ST-cut SAW resonator elements have a 
resonating frequency between 100 and 300 MHz. A higher frequency 
tends to result in a lower Q value. Therefore, a SAW resonator 
with a high Q value at high frequencies is essential to realizing a 
stable high-frequency oscillator. As shown in the figure, a 
resonator with a 60% higher Q value at 200 MHz can be obtain sealed 
in a vacuum rather than in air. 



The cylindrical case shown in Fig. 5 is ideal for sealing the 
device with a vacuum inside the housing. The shape shown in Fig. 5 
forms a cylinder when sealed in an airtight fashion. The case [21] 
is made from a material such as German silver. When the plug is 
inserted, the case [21] is sealed airtight. The space between the 
case [21] and the plug is filled with an expanding metal or solder. 
Because the case and the plug can be efficiently and inexpensively 
plated using solder, this effectively fill the space between the 
case and plug to form a seal. The plating can be performed using 
any well known plating method such as the dipping method, with the 
metal ring and leads in the plug plated with the plug making 
contact with the inner surface of the case. The plug and the case 
can also be plated using an expansive plating with very good 
sealing properties. Other types of plating such as nickel can be 
used. 
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When using this type of case, the plug attached to the SAW 
resonator element can be simply inserted into the case and sealed. 17 
Here, the atmosphere inside the case is the same as that outside 
the case. However, a vacuum can be created inside the case using a 
vacuum process, or a nitrogen atmosphere can be created inside the 
case using a nitrogen process. In this case, a SAW resonator with 
a high Q value can be formed in a vacuum inside the case by 
inserting the element into the case using special tools in a vacuum 
environment. This is the most effective means of mass producing 
these elements at reduced cost. 

By sealing a SAW resonator element in a vacuum inside the 
housing, oxidation of the electrodes can be prevented, short- 
circuits can be prevented in micron-sized IDTs, and edging 
properties can be improved. In order to prevent oxidation of the 
electrodes and short-circuits, the housing can also be filled with 
an inert gas such as nitrogen. When an inert gas is sealed inside 
the housing and the internal pressure is increased, the discharge 
of harmful gasses from the bonding agent can be prevented. 

Connection Between Connection land and Lead 

In these SAW resonator elements, the electrodes are made from 
aluminum or an aluminum-based material. When the electrodes are 
made from aluminum, the surface naturally oxidizes and forms an 
oxide film. This cannot be effectively soldered. Here, the 
soldering has to be performed using aluminum flux and the 
electrodes have to be rinsed to maintain high quality. However, 
these measures undermine productivity and increase manufacturing 
costs. As shown in Fig. 14, the connection lands [7] can be 
connected to the leads [25] and the conductive pattern using a 
conductive bonding agent [26] . An antioxidant should be mixed into 
the conductive bonding agent [26] in order to keep the electrodes 
from becoming oxidized. In order to obtain a good electrical 
connection, the filler (i.e., the material that makes the 
conductive bonding agent conductive) should be silver or copper. /18 

In this way, a low-cost, low-resistance SAW resonator can be 
obtained using a conductive bonding agent. However, if some 
unprocessed oxide film remains on the surface of the aluminum 
electrodes, direct current conductivity becomes difficult. 
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Therefore, all of the oxide film [37] has to be processed in order 
to reduce the equivalent series resistance Rr and provide a SAW 
resonator with a higher Q value. 

Figure 15 shows bumps [40] formed in the connection lands [7]. 
These bumps [40] are formed by depositing, sputtering or ion- 
plating a highly conductive, oxide-resistant metal such as gold, 
silver or solder on connection lands [7] made from aluminum or an 
aluminum alloy. These bumps [40] are not affected by oxide film. 
When connection lands [7] with bumps [40] are attached to leads 
[25] using a conductive bonding agent [26], direct current 
conductivity becomes possible, the equivalent series resistance Rr 
is reduced, and a SAW resonator with a high Q value is obtained. 
Instead of using a conductive bonding agent, the leads [25] can 
also be connected to the bumps [40] without flux by melting solder 
plating on the leads. In this case, a non-conductive bonding agent 
has to be used to provide additional strength for side-mounting the 
SAW resonator element [1] . 

Figure 16 shows leads [25] connected to connection lands [7] 
as viewed from above the main surface [3] . The connecting end 
[25c] of the leads [25] in this example are embedded flat and split 
in two. The split ends are attached using a conductive bonding 
agent [26] so as to extend past both sides of the bumps [40]. The 
embedding of the connecting end [25c] of the lead increases the 
contact area for the conductive bonding agent [26]. This reduces 
contact resistance and simultaneously increases the attachment 
strength. By splitting the connecting end [25c] into two or more 
sections and forming bumps [40] on the connection lands [7], the 
arrangement can be simplified. Therefore, the area of the /19 
connection lands [7] can be effectively activated to obtain a good 
connection from the bumps [40]. Because the split leads [25] are 
effectively secured using a bonding agent [26], the leads [25] can 
be used to side-mount the SAW resonator element [1]. 

Figure 17 shows an example in which stud bumps [41] are formed 
on the connection lands [7] using wire bonding. Stud bumps [41] 
are formed by removing oxide film [37] using ultrasound vibrations 
and wire bonding a metal such as gold or copper. The oxide film 
[37] can be effectively and inexpensively processed in this manner 
even when it is relatively thick. When bumps are vapor deposited, 
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high energy is needed when the oxide film is thick. Vapor 
deposition is also expensive. The stud bump method in this example 
increases productivity and reduces costs. VJhen the stud bumps are 
formed by stretching wire across the surface of the connection 
lands [7], the effect is the same. The formation of bumps on the 
connection lands [7] significantly reduces the contact resistance 
with the leads. After conducting repeated experiments, the present 
inventors discovered that bumps reduced the equivalent series 
resistance Rr to 10-20 W. In contrast, the equivalent series 
resistance Rr of a SAW resonator (a cylindrical SAW resonator with 
a resonating frequency of 145 MHz) without bumps was 20-40 W. The 
range of equivalent series resistances Rr is narrowed by bumps to 
obtain a SAW resonator with stable performance. 

Figure 18 shows a different means for connecting the 
connection lands [7]. In this example, the leads [25] are placed 
on the connection lands [7] and a conductive bonding agent [26] /20 
is applied. A tool with a sharp tip is then used to nick in the 
surface of the connection lands [7] covered with the bonding agent 
[26] before the bonding agent [26] has hardened. One or two nicks 
[42] can be formed, and the leads [25] can be placed parallel or 
perpendicular to each other. Because the nicks [42] cut through 
the oxide film [37] and expose the aluminum metal of the connection 
lands [7], a direct current connection can be established between 
the connection lands [7] and the leads [25] via the conductive 
bonding agent [26], Care must be exercised to prevent forming the 
nicks to the outside of the area covered with the bonding agent 
[26]. This oxidizes the outside area and leads to the reformation 
of the oxide film. Care must also be exercised to prevent the 
nicks [42] from disconnecting the electrodes in the separate 
connection lands [7] caused by the reformation of an oxide film in 
nicks extending beyond the bonding agent. 

These nicks [42] can be formed by pushing the leads [25] into 
the connection lands [7] and applying mechanical vibration such as 
ultrasound vibration. If the bonding agent [26] is applied using a 
dispenser, the tip of the nozzle on the dispenser can be used to 
form the nicks as the bonding agent is being applied. A metal 
other than the one used in the leads can also be vibrated to cause 
the nicks. Contamination from the formation of the nicks can cause 
a loss of connectivity in the connection lands. Therefore, the 
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process has to be performed before the bonding agent [26] has 
hardened . 

The present inventors were able to confirm in experiments that 
the improvement in the equivalent series resistance Rr from nicks 
was similar to the improvement from bumps. The nicks were in fact 
ideal. The random formation of three or more nicks had a similar 
or better effect than bumps. In addition to equivalent series 
resistance Rr, the present inventors also measured the change in 
direct current resistance. The resulting measurements indicated a 
direct current resistance of 5 Q to 00 in the case of untreated /21 
oxide film, and 1 to 2 Q in the case of nicks and bumps. This 
represents a highly precise narrowing of the range. In this way, 
the nicks and bumps eliminated the effect of oxide film and 
provided a SAW resonator with a high Q value at a low connection 
resistance (direct current resistance) . 

In order to obtain this effect, the nicks removing the oxide 
film have to be in the connection lands. These nicks are formed in 
the connection lands after the conductive bonding agent has been 
applied. If a low resistance connection is formed between 
connection lands with nicks and the leads, the nicks can be formed 
after the conductive bonding agent has been applied. If the 
surface of the nicks oxidize after being formed, a good connection 
cannot be established. Here, an antioxidant should be mixed into 
the conductive bonding agent. The antioxidant can be reductive 
such as hydroquinone , catechol or phenol. Silver particles and 
another metal such as nickel can also be added to stabilize the 
connection resistance and simultaneously prevent the formation of 
oxide film. 

The present inventors were able to confirm the antioxidant 
effect in experiments. A SAW resonator with an antioxidant- free 
bonding agent that was annealed at 230°C for ten hours after the 
bonding agent hardened experienced a change in the resonating 
frequency of 100 ppm or more and an increase in the equivalent 
series resistance Rr of 30^40 Q compared to a value of 20 Q or 
less before annealing. In contrast, the addition of an antioxidant 
to the bonding agent narrowed the change in the resonating 
frequency to 20 ppm, and kept the equivalent series resistance Rr 
below 20 Q. In other words, it maintained good values. 
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Electrode Protection 

In the present invention, the SAW resonator element is side- 122 
mounted and supported so it is suspended inside a housing such as a 
cylindrical case or ceramic case. The SAW resonator element is 
surrounded by space so the SAW resonator element is not affected by 
the surrounding environment. When the SAW resonator element is 
sealed so the SAW resonator element is surrounded by space, the SAW 
resonator has space for foreign particles to move around resulting 
from SUS or soldering. These foreign particles can corrode the 
electrodes in the SAW resonator element (e.g., the IDT or 
electrodes connecting the IDT to the connection lands). Because 
the IDT is patterned on the order of several microns, the presence 
of conductive particles between the electrodes can cause a short 
and prevent the stable operation of the SAW resonator. It is 
impossible to prevent all foreign particle contamination of a 
pattern on the order of microns. Because SAW resonators have a 
variety of uses and these foreign particles may be moved around due 
to the impact of mounting and transport or the mounting angle, 
trouble cannot be prevented at every stage of the SAW resonator 
assembly and mounting process. 

In order to prevent problems caused by foreign particles, the 
IDT or the other electrodes can be coated with silicon oxide. 
However, the resonating frequency can be changed and the Q value 
lowered because of the different physical layers on the chip. This 
can reduce the effect of side-mounting. The present inventors 
observed the effect of oxide film formed on the surface of 
aluminum-based electrodes. Oxide film forms naturally on the 
surface of aluminum-based electrodes, as mentioned earlier, and can 
prevent shorts. However, the strength of naturally formed oxide 
films is insufficient because the film is too thin (10-30 A). This 
cannot completely protect the electrodes from foreign particles 
that are moved by an impact such as dropping the device. 

In the present invention, the aluminum-based electrodes in /23 
the SAW resonator element are anodized to form an oxide film on the 
surface of the electrodes that is approximately 280 A thick. This 
can prevent problems associated with the movement of foreign 
particles . 
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Figure 20 shows the process of anodizing a piezo-electr ic 
wafer [50] with a plurality of SAW patterns [51] . In this example, 
only one of the two electrodes [4a, 4b] constituting the IDT [5] is 
anodized. Therefore, the SAW patterns are applied to the wafer 
[50], connecting wire [52] is linked to electrode [4a] in the SAW 
pattern [51], and terminal [53] is connected to the power source 
for the anodizing process. 

Figure 21 is a simplified diagram of the device used in the 
anodizing process. The anodizing solution [59] is placed in a vat 
[55], the terminal [53] on the wafer [50] is secured to a clip 
[56], and the wafer [50] is immersed in the oxidizing bath [59]. 
Then, a current is directed from the power source [57] to the end 
of the wafer [50] serving as the anode. The power source [57] is 
also connected to the cathode [58] immersed in the oxidizing bath 
[59]. In the present invention, a non-porous oxide film is formed 
by the anodization. The oxidizing bath [59] can be an aqueous 
solution with phosphoric acid salts or a mixture containing an 
aqueous solution with boric acid salts. An aqueous solution 
containing acid salts that are nearly neutral such as citric acid 
salts or adipic acid salts can also be used. The solution 
temperature should be room temperature to prevent the formation of 
a non-porous protective film. If an aqueous solution containing 
boric acid salts is used, for example, the temperature should range 
between 20 and 30 2 C. 

When the anodizing process is performed under these 
conditions, an oxide film with a thickness comparable to the 
applied voltage can be formed on the surface of the electrodes. 
Because the thickness of the oxide film is controlled, a /24 
constant-voltage, constant-current power source should be used keep 
the supplied current constant when the current is first applied. 
Because the oxide film on the connection lands in the electrodes 
should be removed, a resist should be applied to the section 
corresponding to the connection lands to prevent an increase in the 
thickness of the oxide film there. 

The present inventors intentionally introduced SUS particles 
(SUS particles with a diameter between 5 and 10 mm) in a 
cylindrical case to measure how frequently problems occurs. After 
repeated experiments on non-anodized resonators, they were able to 
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determine that the short rate was 100%. (In this test, the 
resonators were dropped 5 times from a height of 75^150 cm. ) When 
one of the electrodes in the IDT was anodized, the frequency of 
shorts in the SAW resonators was reduced. The frequency of shorts 
was cut in half at an anodization voltage of 3 0 V. When the 
anodizing voltage was increased to 50 V and above, the incidence of 
shorts was reduced nearly to 0. Both electrodes in the IDT can 
also be anodized using the pattern shown in Fig. 22. In these 
resonators, the incidence of shorts was reduced nearly to 0 at an 
anodization voltage above 20 V. As shown in Fig. 23, the thickness 
of the oxide film was approximately 280 A at an anodization voltage 
of 20 V, and approximately 700 A at an anodization voltage of 50 V. 

When only one of the electrodes in the IDT is intentionally 
covered with an oxide film, the film is thicker than when both 
electrodes are intentionally covered with an oxide film. According 
to the experiments, the film has to be formed two or more times. 
However, because one of the electrodes in the IDT can be formed 
separately in each pattern, the resonating frequency of each 
pattern can be measured before the wafer is cut into chips. If the 
process used to form the oxide film is repeated based on the 
measured resonating frequency, adjustments can be made to the 
resonating frequency during the manufacturing process so as to take 
into account the coarseness of the wafer and the patterning of each 
SAW resonator element. /25 

Figure 24 shows the change in the resonating frequency of a 
plurality of wafers based on the anodizing voltage when the 
anodizing voltage is near 50 V. As shown in the figure, the 
resonating frequency can be adjusted in ppm units by adjusting the 
anodizing voltage. Therefore, if only one of the electrodes in the 
IDT is anodized, the resonating frequency can be measured during 
the wafer stage. The anodizing process can then be performed based 
on the results, and SAW resonator elements with pre-adjusted 
resonating frequencies can be easily obtained. By anodizing the 
electrodes, a trouble-free device maintaining superior properties 
can be obtained. 
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Surface-Mounted Device 

Figure 25 is a see-through diagram of a device [60] with a 
surface-mounted SAW resonator [20] side-mounted inside a 
cylindrical case as explained earlier with reference to Fig. 5. In 
this device [60], the leads [25a, 25b] extending from the case [21] 
with the SAW resonator element sealed inside are welded, soldered 
or attached using a conductive bonding agent to lead frames [61a, 
61b]. A lead frame [62] is also arranged opposite to the side in 
which the leads extend from the cylindrical case [21]. The lead 
frames [61, 62] and the case [21] are integrated in resin [65] at 
right angles to each other. The lead frames [61a, 61b] are used to 
electrically connect the surface-mounted SAW resonator [60]. Lead 
frame [62] is a dummy lead used to provide strength when the SAW 
resonator [60] is mounted on the substrate. Because they are 
integrated at right angles to each other using resin [65], the 
resonator can be mounted on a substrate using automated 
technology. /2 6 

Figure 26 shows a surface-mounted SAW resonator [60] in which 
the lead frame [62] used as the dummy lead is connected 
electrically to the cylindrical case [62]. The lead frame [62] 
makes contact with the case [21] at a certain location [69] and is 
connected electrically to the case [21] using the contact, 
insertion, soldering or conductive bonding agent method. When the 
lead frame [62] is connected to the case [21] in this manner, the 
metal case [21] is connected to the ground or grounded via the lead 
frame [62]. SAW resonators often operate at frequencies in excess 
of several hundred megahertz. Here, the grounding of the case [21] 
can shield the noise generated by the electromagnetic waves in the 
space, can prevent the SAW resonator from becoming a noise 
generator. By grounding a metal case such as a cylindrical case or 
box-like case using a lead frame, a noise-resistant surface-mounted 
SAW device can be provided. 

This SAW device has a SAW resonator element side-mounted 
inside a case to provide a SAW resonator with a very stable 
resonating frequency. This SAW resonator has superior properties 
combining a low equivalent series resistance with a high Q value. 
By integrating the lead frames using resin, a superior surface- 
mounted device can be obtained. Because the SAW resonator element 
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is side-mounted to the leads using a conductive bonding agent and a 
non-conductive bonding agent, it has superior impact resistance. 
Because the electrodes are anodized, impacts do not cause a short- 
circuit. As a result, the present invention is able to 
inexpensively provide a high-quality surface acoustic wave 
resonator with superior conductive properties. 121 

Industrial Applicability 

The present invention provides a surface acoustic wave 
resonator element and a SAW resonator that have high performance in 
the high frequency range. These can be applied to various devices 
using SAW filters. The SAW device of the present invention is a 
particularly ideal device as a stable oscillator requiring a low 
equivalent series resistance and a high Q value. The present 
invention also provides a shape that can be easily surface mounted. 

Claims /28 

1. A surface acoustic wave resonator, wherein an interdigital 
electrode is formed in the approximate center of a rectilinear 
piezo-elec trie body having a surface acoustic wave resonator 
element in which a pair of reflectors are formed lengthwise in the 
piezo-electric body with the interdigital electrode interposed 
therebetween and a support body for supporting the surface acoustic 
wave resonator element, and wherein one end of the surface acoustic 
wave resonator element is connected lengthwise to the support body. 

2, The surface acoustic wave resonator in Claim 1, wherein the 
end of the surface acoustic wave resonator element with the 
reflectors is connected to the support body. 

3- The surface acoustic wave resonator in Claim 1, wherein the 
surface acoustic wave resonator element is accommodated inside a 
hollow housing extending along the surface acoustic wave resonator 
element . 

4, The surface acoustic wave resonator in Claim 3, wherein the 
housing is a metal cylinder, can or box, wherein the surface 
acoustic wave resonator element is sealed inside the housing using 
the support body, and wherein the interdigital electrode in the 
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surface acoustic wave resonator element is connected electrically 
to a plurality of leads via the support body. 

5. The surface acoustic wave resonator in Claim 3, wherein the 
housing is a box-like ceramic case able to seal the surface 
acoustic wave resonator element, wherein the support body consists 
of a portion of the ceramic case, and wherein a conductive pattern 
is formed to electrically connect the interdigital electrode in the 
surface acoustic wave resonator element to the support body. /29 

6. The surface acoustic wave resonator in Claim 3, wherein the 
surface acoustic wave resonator element is sealed inside the 
housing, and wherein the atmosphere inside the housing is a vacuum. 

7. The surface acoustic wave resonator in Claim 3, wherein the 
surface acoustic wave resonator element is sealed inside the 
housing, and wherein an inert gas is sealed inside the housing. 

8. The surface acoustic wave resonator in Claim 3, wherein the 
surface of the surface acoustic wave resonator is inclined with 
respect to the center line of the housing. 

9. The surface acoustic wave resonator in Claim 8, wherein the 
surface acoustic wave resonator is connected to the support portion 
via the leads, and wherein the end of the leads connected to the 
surface acoustic wave resonator is inclined with respect to the 
center line of the housing. 

10. The surface acoustic wave resonator in Claim 1, wherein 
the surface acoustic wave resonator and the support body are 
connected via a non-conductive bonding agent. 

11. The surface acoustic wave resonator in Claim 1, wherein 
the resonator has at least two leads passed through the support 
body and at least two connection lands formed on the surface 
acoustic wave resonator element so as to connect with the leads, 
wherein the surface acoustic wave resonator element is attached /30 
to the support body via the leads, and wherein the connection lands 
are formed at one end of the surface acoustic wave resonator 
element lengthwise in at least the surface, the opposite surface, 
both surfaces or the end surface. 
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12. The surface acoustic wave resonator in Claim 11, wherein 
the leads are equipped with a nearly flat connection end connected 
to the connection lands. 



13. The surface acoustic wave resonator in Claim 12, wherein 
the tip of the connection end is slip at least in two. 

14. The surface acoustic wave resonator in Claim 11, wherein 
the leads are connected to the connection lands via a conductive 
bonding agent containing an antioxidant. 

15. The surface acoustic wave resonator in Claim 11, wherein 
the leads are connected to the connection lands via a conductive 
bonding agent, and wherein at least one nick is made in the 
connection lands after the conductive bonding agent has been 
applied . 

16. The surface acoustic wave resonator in Claim 11, wherein a 
bump is formed in the connection lands. 

17. The surface acoustic wave resonator in Claim 1, wherein an 
oxide film is formed on at least one of the electrode surfaces 
constituting the interdigital electrode using anodization. /31 

18. The surface acoustic wave resonator in Claim 1, wherein an 
oxide film is formed on at least one of the electrodes constituting 
the interdigital electrode using anodization. 



19. A surface acoustic wave resonator having the surface 
acoustic wave resonator element described in Claim 3, wherein a 
plurality of leads connected electrically to the interdigital 
electrode extend outside the housing, wherein lead frames are 
connected electrically to the leads, and wherein the surface 
acoustic wave resonator element and the lead frames are integrated 
using resin . 

20. A surface acoustic wave resonator having the surface 
acoustic wave resonator element described in Claim 4, a lead frame 
connected electrically to the leads, and a lead frame connected 
electrically to the housing, and wherein the surface acoustic wave 
resonator element and the lead frames are integrated using resin. 
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21. A surface acoustic wave resonator element having a pair of 
electrodes near the center of the surface of a rectilinear piezo- 
electric body constituting an interdigital electrode, wherein an 
oxide film is formed on one of the electrodes using anodization. 

22. A surface acoustic wave resonator having the surface 
acoustic wave resonator element described in Claim 21, wherein a 
pair of reflectors are formed on the surface of the surface 
acoustic wave resonator element lengthwise with respect to the 
piezo-elec tr ic body with the interdigital electrode interposed 
therebetween, and wherein the surface acoustic wave resonator has a 
support body for supporting the surface acoustic wave resonator 
element, and wherein only one end of the surface acoustic wave 
resonator is connected lengthwise. /32 

23. The surface acoustic wave resonator in Claim 22, wherein 
the end of the surface acoustic wave resonator element with the 
reflectors is connected to the support body. 

24. The surface acoustic wave resonator in Claim 22, wherein 
the surface acoustic wave resonator element is accommodated inside 
a hollow housing extending along the surface acoustic wave 
resonator element . 

25. The surface acoustic wave resonator in Claim 24, wherein 
the housing is a metal cylinder, can or box, wherein the surface 
acoustic wave resonator element is sealed inside the housing using 
the support body, and wherein the interdigital electrode in the 
surface acoustic wave resonator element is connected electrically 
to a plurality of leads via the support body. 

26. The surface acoustic wave resonator in Claim 24, wherein 
the housing is a box-like ceramic case able to seal the surface 
acoustic wave resonator element, wherein the support body consists 
of a portion of the ceramic case, and wherein a conductive pattern 
is formed to electrically connect the interdigital electrode in the 
surface acoustic wave resonator element to the support body. 

27. The surface acoustic wave resonator in Claim 24, wherein 
the surface acoustic wave resonator element is sealed inside the 
housing, and wherein the atmosphere inside the housing is a vacuum. 
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28. The surface acoustic wave resonator in Claim 24, wherein /33 
the surface acoustic wave resonator element is sealed inside the 
housing, and wherein an inert gas is sealed inside the housing. 

29. The surface acoustic wave resonator in Claim 24, wherein 
the surface of the surface acoustic wave resonator is inclined with 
respect to the center line of the housing. 

30. The surface acoustic wave resonator in Claim 29, wherein 
the surface acoustic wave resonator is connected to the support 
portion via the leads, and wherein the end of the leads connected 
to the surface acoustic wave resonator is inclined with respect to 
the center line of the housing. 

31. The surface acoustic wave resonator in Claim 22, wherein 
the surface acoustic wave resonator and the support body are 
connected via a non-conductive bonding agent. 

32. The surface acoustic wave resonator in Claim 22, wherein 
the resonator has at least two leads passed through the support 
body and at least two connection lands formed on the surface 
acoustic wave resonator element so as to connect with the leads, 
wherein the surface acoustic wave resonator element is attached to 
the support body via the leads, and wherein the connection lands 
are formed at one end of the surface acoustic wave resonator 
element lengthwise in at least the surface, the opposite surface, 
both surfaces or the end surface. 

33. The surface acoustic wave resonator in Claim 32, wherein /34 
the leads are equipped with a nearly flat connection end connected 

to the connection lands. 

34. The surface acoustic wave resonator in Claim 33, wherein 
the tip of the connection end is slip at least in two. 

35. The surface acoustic wave resonator in Claim 32, wherein 
the leads are connected to the connection lands via a conductive 
bonding agent containing an antioxidant. 

36. The surface acoustic wave resonator in Claim 32, wherein 
the leads are connected to the connection lands via a conductive 
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bonding agent, and wherein at least one nick is made in the 
connection lands after the conductive bonding agent has been 
applied . 

37. The surface acoustic wave resonator in Claim 32, wherein a 
bump is formed in the connection lands. 

38. A surface acoustic wave resonator having the surface 
acoustic wave resonator element described in Claim 24, wherein a 
plurality of leads connected electrically to the interdigital 
electrode extend outside the housing, wherein lead frames are 
connected electrically to the leads, and wherein the surface 
acoustic wave resonator element and the lead frames are integrated 
using resin. 

39. A surface acoustic wave resonator having the surface /35 
acoustic wave resonator element described in Claim 25, a lead frame 
connected electrically to the leads, and a lead frame connected 
electrically to the housing, and wherein the surface acoustic wave 
resonator element and the lead frames are integrated using resin. 

40. A method for manufacturing a surface acoustic wave resonator 
element having a first stage in which one of the electrodes in the 
interdigital electrode formed on the surface of a piezo-elec trie body 
is electrified and anodized, and a second stage in which the 
resonating frequency of the surface acoustic waves agitated by the 
interdigital electrode is measured, and wherein the first and second 
stage are performed in alternating fashion to set the resonating 
frequency to the desired value. 

41. A method for manufacturing a surface acoustic wave resonator 
element, wherein the first stage and second stage described in Claim 
40 are performed first, at least one pair of interdigital electrodes 
is formed on the surface of a piezo-electr ic wafer, the first stage 
and the second stage are performed in alternating fashion, and the 
piezo-electric wafer is cut up after the resonating frequency has 
been set to the desired value to complete surface acoustic wave 
resonator elements with interdigital electrodes. 

42. A method for manufacturing a surface acoustic wave resonator 
element, wherein the first stage and second stage described in Claim 
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40 are performed first, at least one pair of interdigital electrodes 
is formed on the surface of a piezo-electr ic wafer, the first stage 
and the second stage are performed in alternating fashion, the piezo- 
electric wafer is cut up after the resonating frequency has been set 
to the desired value to complete surface acoustic wave resonator 
elements with interdigital electrodes, and wherein the surface 
acoustic wave resonator elements are connected at one end lengthwise 
to support bodies to complete surface acoustic wave resonators. 
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Figure 1 
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Figure 2 Chip Distortion and Frequency Change After Mounting 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 12 Change in Equivalent Series Resistance Rr Before and After 
Sealing 
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Figure 13 
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Figure 16 




Figure 17 
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Figure 2 0 
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Figure 21 
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Figure 22 
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Figure 23 Results of Measuring the Thickness of the Anodized Aluminum 
Oxide Film Using an Ellipsometer 
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Figure 24 
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Figure 27 
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Figure 2 9 
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